To better understand the emergence and transmission of antibiotic-resistant Streptococcus agalactiae, we compared phenotypic and genotypic characteristics of 52 human and 83 bovine S. agalactiae isolates. Serotypes found among isolates from human hosts included V (48.1%), III (19.2%), Ia and Ib (13.5% each), and II (5.8%). Among isolates from bovine hosts, molecular serotypes III and II were predominant (53 and 14.5%, respectively). Four and 21 different ribotypes were found among human and bovine isolates, respectively. A combination of ribotyping and serotyping showed that two bovine isolates were indistinguishable from human isolates. Resistance to tetracycline and erythromycin was more common among human (84.6% and 26.9%, respectively) than bovine (14.5% and 3.6%, respectively) isolates. tetM was found in all tetracycline-resistant human isolates, while tetO was the predominant resistance gene among bovine isolates. tet genes were found among various ribotypes. ermB, ermTR, and mefA were detected among erythromycin-resistant human isolates, while ermB was the only erythromycin resistance determinant among isolates from bovine hosts. For isolates from human hosts, erythromycin resistance genes appeared to be associated with specific ribotypes. We conclude that (i) human and bovine S. agalactiae isolates represent distinct populations; (ii) human hostassociated S. agalactiae subtypes may occasionally be transmitted to bovines; (iii) while emergence of erythromycin and tetracycline resistance appears to largely occur independently among human and bovine isolates, occasional cross-species transfer of resistant strains or transmission of resistance genes between human-and bovine-associated subtypes may occur; and (iv) dissemination of antibiotic-resistant S. agalactiae appears to include both clonal spread of resistant strains as well as horizontal gene transfer.
Streptococcus agalactiae, also known as group B streptococcus (GBS), is an important pathogen in both humans and dairy cattle. First recognized as a pathogen causing bovine mastitis, the organism is distinguished from other pathogenic streptococci by the presence of the cell wall-associated group B carbohydrate (Lancefield group B) (28) . Since the 1970s, S. agalactiae has emerged as an important human pathogen. Currently, S. agalactiae is the leading cause of bacterial sepsis, pneumonia, and meningitis in neonates in the United States and Europe, with a mortality rate of 4 to 6% (41, 42, 47) . S. agalactiae is also an increasingly important cause of invasive infections in immunocompromised adults and the elderly (42, 48) . In dairy cows, S. agalactiae is a major cause of mastitis, which is currently considered the economically most important disease affecting the dairy industry (8, 52) .
Serotyping has been a traditional epidemiological tool for investigating S. agalactiae infections in humans. Based on capsular polysaccharide antigens, nine serotypes have been identified to date. Serotypes Ia, Ib, II, III, and V have been predominant in the United States among infants and pregnant women, while serotypes VI and VIII have been associated with colonization of humans in Japan (9, 31) . S. agalactiae strains of capsular serotype V were first detected in 1985 and are currently the most common capsular serotype-associated with GBS infections among nonpregnant adults in the United States (6, 23) . In addition to serotyping, genotyping methods such as randomly amplified polymorphic DNA and ribotyping have been used to characterize S. agalactiae isolates of human and bovine origin (11, 26, 34) . Most subtyping studies have shown that S. agalactiae isolates from human and bovine hosts represent largely separate populations, even though identical subtypes have occasionally been isolated from humans and animals (34, 44) . Application of a recently described multilocus sequence typing (MLST) scheme for S. agalactiae also provided evidence that a specific human hyperinvasive GBS clone appears to have emerged from a bovine ancestor (5) .
S. agalactiae infections in both humans and bovines are treated by administration of antibiotics. Antibiotics are also applied prophylactically in pregnant women to prevent infections in newborns. In 1996, the U.S. Centers for Disease Control and Prevention issued specific recommendations for GBS prophylaxis, which led to a significant decline in the incidence of early-onset human neonatal infections (40, 42) . Penicillin is the drug of choice for treatment of both human and bovine S. agalactiae infections (28, 40, 42) . For penicillin-allergic individuals, erythromycin and clindamycin are recommended. The prevalence of resistance to erythromycin and clindamycin has been increasing in S. agalactiae (19, 35, 48, 49) ; recently, resistance to erythromycin has been associated with human S. agalactiae serotype III and V isolates (33, 49) .
While it is almost undisputed that extensive use of antibiotics in medicine and animal husbandry results in increased antibiotic resistance among bacterial populations (1, 53) , evidence that antibiotic usage in farm animals contributes to the emergence of human antibiotic-resistant pathogens is more limited, even though several studies have suggested that antimicrobial use with animals influences development of antibiotic resistance among pathogens in humans (1, 53) . While one study of antibiotic resistance patterns among S. agalactiae strains from human and bovine hosts isolated in Brazil has been recently published (18) , to our knowledge, no similar data are available for S. agalactiae strains isolated in other countries. Data of this nature from other countries will help to define the transmission and emergence of antibiotic resistance genes in S. agalactiae and support rational and economical decisions on the application and use of specific antibiotics to treat infections. To better understand the prevalence, emergence, and transmission of antibiotic-resistant S. agalactiae among human and bovine host populations in the United States, we (i) expanded a previously described collection of 104 temporally and spatially matched S. agalactiae isolates from human and bovine hosts to include an additional 31 bovine isolates, including EcoRI ribotype characterization of these additional isolates; (ii) performed molecular and conventional serotyping of isolates; (iii) determined the antibiotic susceptibility patterns of all isolates; and (iv) screened for the presence of selected macrolide and tetracycline resistance genes among resistant isolates.
MATERIALS AND METHODS

Bacterial isolates.
A total of 135 S. agalactiae isolates were used in this study. A total of 104 isolates were previously described and represent geographically and temporally matched isolates from human (n ϭ 52) and bovine (n ϭ 52) hosts; EcoRI ribotypes for these isolates have also previously been reported (44) . An additional 31 bovine S. agalactiae isolates were included in this study (yielding a total of 83 bovine isolates), since bovine isolates showed a lower prevalence of antibiotic resistance. Bovine isolates were obtained from 83 farms as previously described (44) . From each farm, four isolates from four different cows were obtained; one isolate was randomly selected from each farm for inclusion in the isolate set. Human clinical isolates of S. agalactiae were obtained through the Emerging Infectious Diseases surveillance program of the New York State Department of Health (44) . All human and bovine isolates were collected in New York State from the years 2000 to 2002. Bacterial isolates were stored at Ϫ80°C in brain heart infusion broth (Becton Dickinson, Sparks, MD) with 20% glycerol.
Serotyping. All isolates were initially characterized by molecular serotyping using a combination of PCR assays and DNA sequencing of selected capsular polysaccharide (cps) genes, as described by Kong et al. (30) with some modifications. Bacterial lysates for PCR were prepared using lysozyme and proteinase K as described by Furrer et al. (21) . Lysates were used to perform an initial set of six separate serotype-specific PCR assays, which allow classification of isolates into serotypes Ia, Ib, III, IV, V, and VI (30) . Isolates which did not yield a PCR product with in any of these six PCR assays were characterized by sequencing a 790-bp region encompassing the 3Ј end of cpsE, cpsF, and the 5Ј end of cpsG (cpsEFG; positions 1437 to 2226; GenBank accession number AF332908); DNA sequence data for this fragment have been shown to differentiate serotypes Ia, Ib, II, III-1, III-2, III-3, III-4, IV, V, VI, and VII (30) . These sequence data thus should allow classification into serotypes II or VII for isolates that did not yield serotype-specific PCR products by the initial PCR assay. Since sequence comparisons for some isolates yielded sequence matches with serotypes that should have yielded PCR products in the initial PCR assays (e.g., the cpsEFG sequence yielded a match with Ia and III, two serotypes which should have been identified by the initial PCR assays), additional DNA sequencing of the 5Ј end of cpsD and the 3Ј end of cpsE was performed in an attempt to clarify these inconsistent results. PCR amplification and sequencing were performed using primers cpsDS (5Ј GCA AAA GAA CAG ATG GAA CAA AGT GG 3Ј) and cpsEA2 (5Ј AAA MGC TTG ATC AAC AGT TAA GCA GG 3Ј); these primers amplify a 750-bp region encompassing the 3Ј end of cpsD and the 5Ј end of cpsE (cpsDE; positions 1 to 750; GenBank accession number AF332908). These two primer sequences were kindly provided by F. Kong (personal communication). PCR cycling parameters were 95°C for 30 s, 65°C for 30 s, and 72°C for 1 min for a total of 35 cycles, with final elongation at 72°C for 10 min. Sequence data for cpsEFG and cpsDE were compared to sequence data for the same gene fragments obtained for a panel of reference strains, as described by Kong et al. (30) . While most sequences obtained in our study described here perfectly matched a reference strain sequence, a bootstrap cpsDE neighbor-joining consensus tree had to be constructed for some animal isolates to identify the closest sequence matches.
For sequencing, PCR products were purified using the QIAquick PCR purification kit (QIAGEN, Inc., Chatsworth, CA). Sequencing of PCR products was performed at Cornell University's BioResource Center using the ABI 3700 automated sequencing unit (Perkin-Elmer Biosystems, Foster City, CA).
All of the bovine isolates and two of the human isolates from each serotype were also serotyped by conventional methods as previously described (51) at the National Centre for Streptococcus (Alberta, Canada). Briefly, antisera for types Ia, Ib, II, III, IV, V, VI, VII, and VIII and for c and x protein antigens were prepared in rabbits by using recognized type stains. Antisera were used to test Lancefield hot-acid extracts of test and control strains using Ouchterlony immunodiffusion.
Ribotyping. EcoRI ribotyping was performed as previously described (44) using the restriction enzyme EcoRI and the RiboPrinter (Qualicon, Inc., Wilmington, DE) system. Similarity coefficients for ribotype patterns from different isolates were calculated using the RiboPrinter's proprietary algorithm. Similarity coefficients and visual evaluation were used to define distinct ribotypes.
Phenotypic susceptibility testing. Kirby-Bauer disk diffusion tests were performed for each of the 135 isolates according to the methods recommended by CLSI (formerly NCCLS) (37) . Isolates were tested for susceptibility to cephalosporin, tetracycline, gentamicin, erythromycin, and clindamycin. Classification as "susceptible," "intermediate," or "resistant" was based on the CLSI-recommended breakpoints for inhibition zone diameters.
Detection of tetracycline and erythromycin resistance genes. The presence of selected tetracycline and macrolide antibiotic resistance genes was determined using previously described PCR conditions and primers for tetM (39) , tetO (38) , ermA (45) , ermB (45) , ermC (45) , ermTR (10), and mefA (13) . All S. agalactiae isolates were examined for the presence of tetM and tetO, which encode resistance to tetracycline. All isolates classified as resistant or with intermediate resistance to erythromycin, as well as four erythromycin-sensitive isolates, were examined for the presence of ermA, ermB, ermC, ermTR, and mefA as described previously (10, 13, 45) .
To confirm the specificity of the PCRs, tetO, ermB, ermTR, and mefA PCR products from two randomly selected resistant isolates were sequenced. In addition, the complete tetM coding region was sequenced for one human tetracycline-resistant isolate and one bovine tetracycline-resistant isolate and for two human isolates with intermediate resistance. PCR and sequencing was performed with four primer pairs. In addition to three previously published primers (38, 39) , five new primers were designed, based on a published tetM sequence (GenBank accession number X90939). Primer pairs used included (i) forward 1 (5Ј TGC TTT GTA TGC CTA TGG TTA TGC 3Ј) (this study) and reverse 1 (5Ј CGG TAA AGT TCG TCA CAC AC 3Ј) (38) , (ii) forward 2 (5Ј TGG AAT TGA TTT ATC AAC GG 3Ј) (39) and reverse 2 (5Ј CTC GCA AAT GCA GTA CGC CAC TAT 3Ј) (this study), (iii) forward 3 (5Ј TAT TCA TCA ACA CAT CGA GGT C 3Ј) (this study) and reverse 3 (5Ј TTC CAA CCA TAC AAT CCT TG 3Ј) (39) 
RESULTS
Serotype characterization of isolates from bovine and human hosts. PCR primer sets for identification of serotypes Ia, Ib, III, IV, V, and VI, as described by Kong et al. (30) , allowed serotype classification for 49 of the 52 human isolates. Sequencing of a 790-bp cpsEFG fragment allowed for classification of the remaining three human isolates as molecular serotype II. The most common serotype among human isolates was V (48.1%), followed by III (19.2%). Serotypes Ia and Ib were less commonly identified (13.5% each). Only three isolates (5.8%) were serotype II (Fig. 1) . Accuracy of the molecular serotyping results was confirmed by conventional serotyping of two randomly selected human isolates for each of the five serotypes identified; molecular and conventional serotyping results matched for all 10 isolates.
Among the 83 bovine isolates, a total of 47 could be identified to serotype level by using the PCR primers specific for serotypes Ia, Ib, III, IV, V, and VI; the vast majority of isolates (n ϭ 44) (Table 1) were identified as serotype III. Sequencing of the 790-bp cpsEFG fragment for the 36 isolates that could not initially be identified to serotype by the PCR assay yielded a PCR product for 33 isolates. Sequence similarity analyses (30) yielded matches for serotypes "Ia/III-3" and "II/III-4" for 21 and 12 isolates, respectively. Classification as "Ia/III-3" was deemed inconclusive, since isolates with this sequence should have yielded a PCR product by either the serotype Ia-or the serotype III-specific PCR assay. All 33 bovine isolates that yielded matches for serotypes "Ia/III-3" and "II/III-4" were thus further characterized by sequencing of a 750-bp cpsDE fragment. Most (17/21) isolates with matches for serotypes "Ia/III-3" yielded a match for serotype "III-3," based on partial cpsDE sequences and were thus classified as nontypeable (NT), since none of these isolates yielded serotype III when characterized by conventional serotyping. The remaining four isolates with matches for serotypes "Ia/III-3" in the cpsEFG sequencing also yielded inclusive results in the cpsDE sequencing and were thus also classified as NT. All 12 bovine isolates with matches for serotypes "II/III-4" based on partial cpsEFG Antimicrobial susceptibility profiles. Overall, all of the isolates from human hosts and 77 of 83 S. agalactiae isolates from bovine hosts showed resistance to at least one of the antibiotics tested. All isolates were fully susceptible to cephalosporin. Resistance to tetracycline was more common among S. agalactiae isolates from humans (84.6%) than among isolates from cattle (14.5%) ( Table 2) . Similarly, resistance to erythromycin was more common among human isolates (26.9%) than among bovine isolates (3.6%). Clindamycin resistance was rare among isolates from both bovine and human hosts (7.8% and 3.6%, respectively). All clindamycin-resistant isolates were also resistant to erythromycin. All human isolates and 91.6% of the bovine isolates were found to be resistant to gentamicin.
Detection of tetracycline and erythromycin resistance genes.
The tetracycline resistance gene tetM was identified in all 44 tetracycline-resistant human isolates. Among six human isolates with intermediate tetracycline resistance, two also bore tetM, while four bore neither tetM nor tetO. In one of the two isolates from human hosts with intermediate tetracycline resistance that carried tetM, the insertion sequence IS1381 was detected in tetM; the second isolate had a 26-bp deletion in tetM. In bovine isolates, tetO was the predominant tetracycline resistance gene. Specifically, among 12 tetracycline-resistant bovine isolates, 10 bore tetO while 2 carried tetM. One of the two bovine isolates with intermediate tetracycline resistance also bore tetO. tetM sequence analysis revealed that the tetM sequence for the bovine isolate was identical to that found in the human isolate for which tetM was sequenced. While one tetM-carrying bovine isolate was ribotype 106-1501-S-5, the ribotype most common among the bovine isolates in this study, the other tetM-positive bovine isolate showed isolate characteristics (ribotype 106-1501-S-8 and serotype V) that were otherwise typical for isolates associated with human hosts (Table 1) . As it was unusual to isolate human-associated strains from cattle, we examined three additional S. agalactiae isolates obtained from different cows in the same farm; all four isolates bore the same characteristics (ribotype106-1501-S-8, serotype V, and tetM positive).
All three erythromycin-resistant bovine isolates and 1 of the 12 bovine isolates with intermediate erythromycin resistance were PCR positive for ermB. Among human isolates, erythromycin resistance was associated with the presence of ermB (three isolates), ermTR (seven isolates), or mefA (three isolates), including one human isolate that carried both ermB and ermTR. ermB presence was associated with either the presence of tetO (in bovine isolates) or the presence of tetM (in human isolates). Except for one ermB-bearing isolate, which was only resistant to erythromycin, isolates carrying ermB were resistant to both erythromycin and clindamycin, while isolates carrying ermTR or mefA were resistant to erythromycin but sensitive to clindamycin. In one erythromycin-resistant human isolate, we were not able to detect any of the erythromycin resistance determinants examined (ermA, ermB, ermC, ermTR, and mefA); this isolate was highly resistant to erythromycin but susceptible to clindamycin. Although not currently reported in S. agalactiae, single-nucleotide changes in 23S rRNA or in ribosomal proteins conferring macrolide resistance have been reported for many bacteria, including Streptococcus pneumoniae (46, 50) . It is thus possible that a ribosomal mutation is responsible for the resistance in this specific isolate. Another human isolate resistant to erythromycin and clindamycin yielded an unspecific (larger-than-predicted) ermTR PCR product.
Distribution of antimicrobial resistance genes among serotypes and ribotypes. Tetracycline resistance genes were identified in isolates representing various ribotypes and serotypes (Table 3) . Among human isolates, erythromycin resistance genes appeared to be associated with specific serotypes and ribotypes (Table 3) . Specifically, mefA was found only among serotype Ia isolates; overall, three of the seven serotype Ia isolates bore mefA. ermB was found only among serotype V human isolates. In bovine isolates, however, ermB was found in two different serotypes (Table 3) . Three of the four ermBcarrying bovine isolates were ribotype 106-1502-S-6.
DISCUSSION
Through molecular and phenotypic characterization of 135 S. agalactiae isolates from human and bovine hosts, we provide evidence supporting that (i) human and bovine isolates represent distinct populations; (ii) human host-associated subtypes may occasionally be transmitted to bovine hosts; (iii) while emergence of erythromycin and tetracycline resistance appears to largely occur independently among human and animal isolates, occasional cross-species transfer of resistant strains or transmission of resistance genes between human and cattle host-associated subtypes may occur; and (iv) spread of antibiotic resistance determinants in S. agalactiae appears to include clonal spread of antibiotic-resistant strains, as well as horizontal gene transfer. We conclude that human and bovine S. agalactiae strains represent largely separate populations and that emergence of antibiotic resistance may largely occur independently between these two populations. Nevertheless, occasional S. agalactiae transmission between human and bovine hosts, as well as antibiotic resistance gene transfer between human-and bovine-associated strains, may occur.
Human and bovine isolates represent distinct populations. Molecular subtyping data reported here further support that human and bovine S. agalactiae isolates represent distinct molecular subtype populations, as also shown in a previous report (44) , which used a smaller set of 104 human and bovine isolates (including all human isolates characterized here, as well as 52 of the 83 bovine isolates characterized here). Specifically, serotype characterization of the 135 isolates characterized here further supports, by an independent subtyping approach, that human and bovine S. agalactiae isolates represent distinct populations. While the majority of bovine isolates were either serotype II or III or nontypeable, the majority of human isolates were serotype V; in addition, serotypes Ia and Ib were exclusively or almost exclusively found among human isolates. Our data are consistent with other reports on serotypes typically associated with human and bovine S. agalactiae infections. While serotypes I, II, and III were the most prevalent serotypes among isolates from human neonates with early-onset GBS infections in the 1970s (3), more recent studies have shown serotypes Ia and III are the most common serotypes currently associated with GBS infections among neonates (2, 32) . Serotype V strains emerged as a cause of human infections in 1985; these strains have been shown to currently cause the majority of GBS infections among nonpregnant adults in the United States (6, 23) . Similar to our data, previous studies have also found a predominance of serotypes II and III or a nontypeable status among bovine mastitis S. agalactiae isolates (17, 34) . In addition, one recent study of bovine mastitis and human S. agalactiae isolates collected in Brazil also indicated that bovine-and human-associated subtypes may differ in the distribution of specific virulence-associated genes (bca, lmb, and scpB) (18) .
Interestingly, associations between EcoRI ribotypes and serotypes further support that S. agalactiae isolates from human and bovine hosts represent distinct populations. For human isolates, serotypes generally showed a clear association with ribotypes, such that all isolates with a given serotype showed the same ribotype and only isolates with serotype Ib represented three ribotypes. Bovine isolates classified as serotype III, on the other hand, represented 13 different ribotypes. Although serotype III was common among both human and bovine isolates, human and bovine serotype III isolates had different ribotypes, which suggests that S. agalactiae isolated from human and bovine origins represent different clonal groups that bear the same capsular polysaccharide, a hypothesis consistent with findings by a variety of groups (5, 7, 24, 36) that serotype III isolates represent at least two distinct clusters and/or evolutionary lineages. Interestingly, similar to our ribotyping data, others have also found serotype III isolates, even within a given lineage or cluster, may show considerable molecular subtype diversity (as determined by randomly amplified polymorphic DNA and/or MLST) (5, 34) . Possible explanations for genetic heterogeneity within the same serotype include the horizontal spread of capsular polysaccharide genes (e.g., between ancestors of the different serotype II lineages) and diversification within a given lineage or cluster. While we were unable to find any published reports providing evidence for the horizontal transfer of capsular genes in S. agalactiae, the horizontal spread of capsular genes has been reported with two closely related organisms, Streptococcus suis and S. pneumoniae (14, 29) . Future application of MLST approaches (27) should be able to further clarify the contributions of horizontal (7) V (6), III (1) 106-1501-S-8 (7) mefA (3) Ia (3) 116-549-S-1 (3) tetM (46) Ia ( Human host-associated subtypes may occasionally be transmitted to bovine hosts. Interestingly, we identified two bovine isolates as part of our study that were characterized by a combination of serotype and ribotype characteristics, which were otherwise strongly associated with human S. agalactiae isolates. One of these isolates also carried tetM, a tetracycline resistance gene we had found here to be usually associated with human isolates. Isolates from additional cows on the same farm where this isolate was obtained showed identical subtype and antibiotic resistance gene patterns, indicating that isolation of this human host-associated subtype was unlikely to reflect a single contamination event but rather reflects endemic presence in this herd. We propose that these findings indicate an initial human-to-animal transfer of this specific human host-associated S. agalactiae subtype, followed by spread in this herd. This would be consistent with a previous study that also has suggested that human-to-animal transmission of S. agalactiae is possible (25) .
Emergence of erythromycin and tetracycline resistance appears to largely occur independently among human and animal isolates. While the prevalence of isolates resistant to different antibiotics was generally similar among bovine and human isolates characterized here, tetracycline and erythromycin resistance was more common among human than bovine isolates. High levels of tetracycline resistance among human S. agalactiae isolates have been reported previously (15, 49) . Recognized tetracycline resistance mechanisms involve protection of the ribosome as an antibiotic target by ribosomal protection proteins or reduction of the intracellular antibiotic concentration by efflux proteins (12); previously identified tetracycline resistance genes in streptococci include tetK, tetL, tetM, tetO, tetQ, and tetT (12) . Interestingly, while both tetM and tetO encode ribosomal protection proteins, we found that tetM was predominantly found among human S. agalactiae isolates, while tetO was the predominant tetracycline-resistant determinant among bovine isolates. These findings are consistent with a recent study of S. agalactiae isolates collected in Brazil, which also found a predominance of tetM and tetO among human and bovine isolates, respectively (18) , possibly indicating wide host-specific distribution of tet genes and/or tetracycline-resistant strains.
The prevalence of erythromycin resistance observed here was also consistent with previously reported prevalences for macrolide resistance among S. agalactiae isolates (15, 22, 49) . Resistance to macrolides in Streptococcus can be caused mainly by two mechanisms, target site modification and active drug efflux (20) . Similar to our observations on the prevalence of tetracycline resistance genes, we also found that different erythromycin resistance genes were associated with human and bovine isolates: ermB, ermTR, and mefA were found among human isolates, and only ermB was found among bovine isolates. These finding were also consistent with a recent study of S. agalactiae isolates from Brazil, which found a predominance of ermB among bovine isolates (18) . While ermB was associated in our study with resistance to macrolides and lincosamides, the ermTR-and mefA-carrying isolates were resistant to macrolides but sensitive to lincosamides. This is consistent with reports that target site modification, mediated by rRNA adenine methylases encoded by erm genes, can produce crossresistance to macrolides, lincosamides, and streptogramin B antibiotics (20) . On the other hand, active drug efflux mediated by mef-encoded transmembrane pumps has been reported to yield resistance only to 14-and 15-member macrolides (erythromycin, azithromycin, and clarithromycin); 16-member macrolides (e.g., josamycin) are not affected and neither are lincosamides or streptogramin B-type compounds (macrolide phenotype) (13, 20) . In addition, many S. agalactiae isolates carrying ermTR have been shown to display an inducible macrolides, lincosamides, and streptogramin B resistance, which can only be detected by a double-disk diffusion test, possibly explaining why ermTR-positive isolates tested here were clindamycin sensitive by single-disk testing (15) . Importantly, ermB-positive bovine isolates represented a different ribotype than ermB-positive human isolates, indicating a different clonal origin of human and bovine ermB-positive isolates, possibly through horizontal gene transfer either between S. agalactiae or another closely related organism, e.g., Streptococcus pyogenes, which was previously shown to carry ermB (16) .
Spread of antibiotic resistance determinants in S. agalactiae appears to include both clonal spread of antibiotic-resistant strains and horizontal gene transfer. Our data showed that the tetracycline resistance genes tetM and tetO, as well as erythromycin resistance gene ermB, were broadly distributed among different serotypes and ribotypes, suggesting that the presence of these resistance genes among human-and bovine-associated S. agalactiae populations may represent a consequence of multiple horizontal gene transfer events. Since ermB-carrying human and bovine isolates represented different ribotypes, horizontal gene transfer of ermB between human and bovine isolates or from another source (e.g., S. pyogenes) (16) may have occurred. The observed association between the presence of ermB and either the presence of tetM (in human isolates) or the presence of tetO (in bovine isolates) may also further support the importance of horizontal gene transfer in antibiotic resistance gene evolution in S. agalactiae, since tetM and ermB have previously been identified on the same conjugative transposon in S. pneumoniae (43) . In addition, our data, which show an association between serotypes, ribotypes, and the presence of specific erythromycin resistance genes (e.g., ermTR and mefA) in S. agalactiae, also suggest that at least some erythromycin-resistant strains may represent examples of the clonal spread of resistant strains. Interestingly, while most humanassociated erythromycin-resistant isolates appear to represent examples of clonal spread, bovine-associated erythromycinresistant isolates appear to be more likely to have evolved by multiple independent horizontal gene transfer events (since ermB among bovine isolates has been found in three different ribotypes and serotypes). It may be noteworthy that a variety of other studies have also revealed a potential association between serotype V human S. agalactiae isolates and erythromycin resistance (19, 33, 49) , which may further support that clonal spread of erythromycin-resistant serotype V strains, the only serotype that carried ermTR in our study, may contribute to the increased prevalence of erythromycin-resistant S. agalactiae in human hosts. Interestingly, it has also been shown that clonal expansion of erythromycin-resistant strains is an important contributor the spread of erythromycin-resistant S. pyogenes among human hosts in France and Taiwan (4, 54). Since ribotyping and se-rotyping do not allow for determination of evolutionary relationships between isolates, future studies using MLST will be necessary to confirm the occurrence of horizontal gene transfer of resistance genes and to define the relative contributions of horizontal gene transfer and clonal expansion to the spread of tetracycline and erythromycin resistance among S. agalactiae isolates from human and bovine hosts.
